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1

CAPACITOR DEVICE AND METHOD FOR
MANUFACTURING THE SAMEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a capacitor device, and
more particularly, to a capacitor device fabricated using a
waler-level process.

2. Description of the Related Art

Operating IC devices generally requires coupling capaci-
tors to effectively reduce noise. A capacitor that is closer to
the IC device will have a lower parasitic inductance and better
clectrical performance accordingly. Conventional capacitor
types mclude surface mounting device type capacitors, film
capacitors and trench capacitors. A conventional surface
mount capacitor 1, as shown 1n FIG. 1, achieves high capaci-
tance by employing multiple layers. The capacitor 11s formed
by printing an electrode 12 on a dielectric layer 10 using thick
f1lm printing techniques first and then undergoing the stack-
ing and sintering processes, wherein the sintering tempera-
ture 1s generally more than 1000° C. Although the multi-
layered structure results 1n a high capacitance, the surface
mount capacitor 1 needs to be further assembled to a substrate
20, as shown 1n FIG. 2. Moreover, a substrate 20 1s located
between the decoupling capacitor 1 and the IC device 22.
Besides, as there are greater demands for more compact por-
table electronic devices, sizes of electronic packages are
mimmizing, too. As such, the size of a surface mount capaci-
tor 1 1s also becoming smaller.

It 1s known that film capacitors are fabricated using thin-
f1lm processing techniques, and the capacitance 1s improved
by reducing the thickness of dielectric layers. The fabrication
process can 1tegrate with IC fabrication processes, but the
capacitance density per unit area 1s still limited. Therefore,
achieving high capacitance density by utilizing multi-layer
structures will increase mask numbers. Trench capacitors are
fabricated by forming trenches with close, small spacing on
the silicon water; thin layer of dielectric material 1s deposited
in the trenches to have high capacitance density.

SUMMARY OF THE INVENTION

A capacitor device of the present ivention comprises a
semiconductor substrate having at least one active device and
at least one capacitor device comprising a bulk dielectric
material, a plurality of first electrode plates, a first common
conducting line, a plurality of second electrode plates, and a
second common conducting line. The capacitor device 1s
formed 1n a predetermined region of the semiconductor sub-
strate, and the bulk dielectric material i1s positioned 1n the
predetermined region of the semiconductor substrate. The
plurality of first electrode plates extend vertically from one
surface of the semiconductor substrate into the bulk dielectric
material, and each first electrode plate 1s disposed parallel to
one another. The first common conducting line 1s formed on
the surface of the semiconductor substrate and electrically
connects the first electrode plates. The plurality of second
clectrode plates extends vertically from the surface of the
semiconductor substrate into the bulk dielectric material and
interdigitate parallel to the first electrode plates. The second
common conducting line 1s formed opposite to the first com-
mon conducting line on the surface of the semiconductor
substrate and electrically connects the second electrode
plates.

The present invention also provides a method for manufac-
turing a capacitor device, which comprises: providing a semi-
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2

conductor substrate having at least one active device; forming
at least one cavity at a predetermined region of the semicon-
ductor substrate; filling the cavity with a bulk dielectric mate-
rial; forming a plurality of parallel plate-shaped holes extend-
ing vertically through the bulk dielectric matenal; and
forming a plurality of electrode plates within the plate-shaped
holes and forming a conducting line pattern on a surface of the
semiconductor substrate at the same time, wherein the elec-
trode plates include a first set of electrode plates and a second
set of electrode plates disposed interdigitatedly; the conduct-
ing line pattern includes a first common conducting line con-
necting the first set of electrode plates, a second common
conducting line connecting the second set of electrode plates,
a first parallel conducting line connecting with the electrode
plate which 1s closest to the outside among the first set of
clectrode plates, and a second parallel conducting line con-
necting with the electrode plate which 1s closest to the outside
among the second set of electrode plates.

The present invention further provides a method for manu-
facturing a capacitor device, which comprises: providing a
semiconductor substrate having at least one active device;
forming at least one cavity at a predetermined region of the
semiconductor substrate; filling the cavity with a bulk dielec-
tric material; forming a plurality of first plate-shaped holes,
which are disposed parallel to one another and extending
vertically through the bulk dielectric material; forming a plu-
rality of first electrode plates withun the first plate-shaped
holes; forming a plurality of second plate-shaped holes,
which are disposed parallel to one another, extending verti-
cally through the bulk dielectric material, and interdigitating
with the first electrode plates; and forming a plurality of
second electrode plates within the second plate-shaped holes
and forming a conducting line pattern on a surface of the
semiconductor substrate at the same time, wherein the con-
ducting line pattern includes a first common conducting line
connecting the first electrode plates, a second common con-
ducting line connecting the second electrode plates, a first
parallel conducting line connecting with the first electrode
plate closest to the outside, and a second parallel conducting
line connecting with the second electrode plate closest to the
outside.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic perspective view illustrating a con-
ventional surface mount capacitor device;

FIG. 2 1s a schematic side view illustrating a waler
assembled with the surface mount capacitor devices in FI1G. 1;

FIG. 3 1s a schematic front view ol a walfer including
multiple capacitor devices of the present invention, 1llustrat-
ing that capacitor devices of the present invention can be
tabricated on a wafer using a wafer-level process;

FIG. 4A 1s a schematic front view 1illustrating a capacitor
device of the present invention;

FIG. 4B 1s a schematic cross-sectional view taken along
line B-B of the capacitor device 1n FIG. 4A;

FIGS. 5A through SF are schematic cross-sectional views
representing process steps 1n manufacturing a capacitor
device according to a first embodiment of the present inven-
tion;

FIG. 6 1s a cross-sectional view 1llustrating a capacitor
device having a vertically stacked structure; and

FIGS. 7A through 7F are schematic cross-sectional views
representing process steps in manufacturing a capacitor
device according to a second embodiment of the present
ivention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention provides a capacitor device that can
be directly fabricated on a wafer using a water-level, low
temperature process. As used herein, the phrase “low tem-
perature” generally means the temperature that the 1C device
on the waler can undergo during the fabrication process, such
as below 400° C. FIG. 3 1s a schematic front view of multiple
capacitor devices 30 of the present invention, which are fab-
ricated on a waler 3 using a water-level process. F1G. 4A 1s a
schematic front view illustrating single capacitor device 30 of
the present ivention, and FIG. 4B 1s a schematic cross-
sectional view taken along line B-B of the capacitor device 30
in FIG. 4A. Referring to FIG. 4A, the capacitor device 30 1s
fabricated at a predetermined region A on the wafer 3 so that
the capacitor device 30 can be integrated with an active device
(not shown) formed on the water 3. The capacitor device 30
comprises a bulk dielectric material 301 having a dielectric
constant greater than 1000, a plurality of first electrode plates
3024, a first common conducting line 303a, a plurality of
second electrode plates 3025, and a second common conduct-
ing line 3035. The bulk dielectric material 301 1s positioned at
the predetermined region A on the water 3. The present inven-
tion uses an adhesive layer 306 to bond the bulk dielectric
material 301 into the wafer 3 at the predetermined region A
(as shown 1n FIG. 4B). The plurality of first electrode plates
302a extend vertically from one surface of the watfer 3 into the
bulk dielectric material 301, with each first electrode plate
302a being disposed parallel to one another. The first com-
mon conducting line 303a 1s formed on the surface of the
waler 3 and electrically connects the first electrode plates
302a to a common voltage terminal (not shown). The plural-
ity of second electrode plates 3025 extend vertically from the
surface of the water 3 into the bulk dielectric material 301 and
interdigitate parallel to the first electrode plates 302a. The
second common conducting line 3035 1s formed opposite to
the first common conducting line 303¢a on the surface of the
waler 3 and electrically connects the second electrode plates
3025 to another common voltage terminal (not shown), which
has an electrical conductivity opposite to the common voltage
terminal connecting to the first electrode plates 302a. Refer-
ring to FIGS. 4A and 4B, the capacitor device 30 further
comprises a first vertical conducting line 3044, a first parallel
conducting line 305a, a second vertical conducting line 3045,
and a second parallel conducting line 3035. The first vertical
conducting line 304q extends through the water 3. The first
parallel conducting line 3035a 1s formed on the surface of the
waler 3 and electrically connects the first vertical conducting,
line 304a with a first electrode plate 302a which 1s closest to
the outside. Formed opposite to the first vertical conducting,
line 304a, the second vertical conducting line 3045 extends
through the wafer 3 and the second parallel conducting line
3055, which 1s formed on the surface of the wafer 3 and
clectrically connects the second vertical conducting line 30456
with a second electrode plate 3025 which 1s closest to the
outside.

A capacitor device 30 of the present invention can be
tabricated on the active side or back side of the wafer 3. In
other words, the capacitor device 30 can be fabricated on
either the same or opposite side where the active devices are
tformed. Referring to FIG. 4 A, since the capacitor device 30 of
the present invention comprises a plurality of vertical elec-
trode plates 3024, 3025 and the bulk dielectric material 301
having a dielectric constant greater than 1000, the capaci-
tance of the capacitor device 30 can be effectively increased.
The present invention can further increase the capacitance of
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4

the capacitor device 30 by reducing the distance between the
clectrode plates 302a and 3025. In addition, the design of the
first vertical conducting line 304a and second vertical con-
ducting line 3045 within the capacitor device 30 facilitates the
vertical stacking of multiple capacitor devices 30. And by
means of the multiple first vertical conducting lines 304 and
second vertical conducting lines 3045, further vertical con-
ducting lines can be formed. Therefore, with the present
ivention, a capacitor device having a vertically stacked
structure can also be fabricated on the water 3.

The method for manufacturing the capacitor device 30 of
the present invention will now be described 1n detail with
reference to preferred embodiments and accompanying
drawings. FIGS. 5A through 5E are schematic cross-sectional
views respectively corresponding to various process steps in
manufacturing the capacitor device 30 according to a first
embodiment of the present invention. Referring to FIG. 5A, a
semiconductor substrate (waifer) 3 1s provided first 1n the first
embodiment; the semiconductor substrate 3 comprises at
least one active device 32 formed on a first surface (defined as
the active surface of the semiconductor substrate 3). Then, at
least one cavity 300 1s formed at a predetermined region of the
semiconductor substrate 3, opposite to the active devices 32.
That 1s, the cavity 300 extends from a second surface, which
1s opposite to the first surface, ito the semiconductor sub-
strate 3. In the first embodiment of the present imnvention, the
cavity 300 can be formed 1n the semiconductor substrate 3 by
dry-etching or ICP (Inductively Coupled Plasma) etching
techniques. The cavity 300 as shown 1n FIG. SA 1s formed at
the opposite side of the active devices 32; however, the cavity
300 and the active devices 32 can also be formed at the same
side of the semiconductor substrate 3. Referring to FIG. 5B, a
bulk dielectric material 301 having a high dielectric constant,
e.g., greater than 1000, 1s filled into the cavity 300. The bulk
dielectric material 301 1s bonded to the semiconductor sub-
strate 3 by means of an adhesive layer 306. The bulk dielectric
material 301 to be filled into the cavity 300 may be Ba'liO,
that has been sintered at high temperatures with a dielectric
constant ranging from thousands to tens of thousands. Refer-
ring to FI1G. 3C, a plurality of parallel plate-shaped holes 302
extending vertically through the bulk dielectric material 301
are formed; the plate-shaped holes 302 include a set of first
plate-shaped holes 302 and a set of second plate-shaped holes
302 (with reference to FIG. 4A). The first plate-shaped holes
302 and the second plate-shaped holes 302 are parallel to one
another, disposed interdigitatedly within the bulk dielectric
material 301. The first plate-shaped holes 302 extend toward
one side, and the second plate-shaped holes 302 extend
toward the opposite side of the bulk dielectric material 301. In
the present invention, the plate-shaped holes 302 within the
bulk dielectric material 301 can be formed by techniques such
as ICP etching or laser drilling. Referring to FIG. 5D, a
conductive material, such as Al, Cu, W or polycrystalline
silicon, 1s then deposited into the first and second plate-
shaped holes 302 to form a plurality of first electrode plates
302a and second electrode plates 3025 respectively. The plu-
rality of first electrode plates 3024 and second electrode
plates 3025b are parallel to one another, disposed interdigitat-
edly within the bulk dielectric material 301. In this step, the
present mnvention forms a conducting line pattern on the sec-
ond surface of the semiconductor substrate 3 at the same time.
Referring to FIGS. 4A and 5D, the conducting line pattern
includes a first common conducting line 303a, a second com-
mon conducting line 3035, a first parallel conducting line
3034, and a second parallel conducting line 3035. Respec-
tively, the first common conducting line 303a connects the
first electrode plates 302a, and the second common conduct-
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ing line 3035 connects the second electrode plates 3025.
Moreover, the first parallel conducting line 305a connects
with a first electrode plate 302a which 1s closest to the out-
side, and the second parallel conducting line 3055 connects
with a second electrode plate 30256 which 1s closest to the
outside. So far the main structure of the capacitor device 30 of
the present invention has been fabricated, which 1s a multi-
layered metal-insulator-metal (MIM) capacitor structure.
Referring to FIG. SE, a pair of vertical through-vias 304 1s
tformed respectively besides the opposite sides of the bulk
dielectric material 301 using the through-silicon-via (TSV)
technology. Respectively, the vertical through-vias 304
extend vertically through the first parallel conducting line
305a, the semiconductor substrate 3, and the second parallel
conducting line 3055. Then, a conductive material the same
as that of the first and second parallel conducting lines 305a
and 305b are filled into the pair of vertical through-vias 304 to
form a first vertical conducting line 3044 and a second verti-
cal conducting line 3045 respectively. As such, the first par-
allel conducting line 305a connects the first electrode plate
302a closest to the outside and the first vertical conducting
line 304a; the second parallel conducting line 3056 connects
the second electrode plate 3025 closest to the outside and the
second vertical conducting line 3045. In this step, moreover,
a pair ol first electrical contacts 307a 1s formed at both ends of
the first vertical conducting line 304a, and a pair of second
clectrical contacts 3075 1s formed at both ends of the second
vertical conducting line 3045. Referring to FIG. SF, a plural-
ity of conductive solder pads 308 are formed under the first
surface of the semiconductor substrate 3. A plurality of con-
ductive bumps, such as solder balls 309, are further formed,
respectively bonded to the first electrical contact 307a, the
second electrical contact 3075, and the solder pads 308 under
the first surface of the semiconductor substrate 3.

Because of the particular design of the first and second
vertical conducting lines 304a, 3045 of the capacitor device
30, the present invention allows vertical stacking of multiple
capacitor devices 30. Referring to FIG. 6, multiple capacitor
devices 30a, 305 and 30c¢, which have been fabricated as
shown 1 FIG. SE, can be vertically stacked so that the first
vertical conducting lines 304a and the second vertical con-
ducting lines 3045 respectively connect and align. The vert-
cal conducting communication of the capacitor devices 30aq,
305 and 30c¢ 1s thus formed, and electrical connection with
external circuitry can be made through the solder balls 309
under the capacitor device 30. Consequently, a capacitor
device having the vertically stacked structure according to the
present invention 1s provided.

In the present ivention, the bulk dielectric material 301
can be obtained by sintering a material that has a high dielec-
tric constant, e.g. greater than 1000, at high temperatures first.
After that, the formed bulk dielectric material 301 1s bonded
within the pre-selected cavity 300 of the semiconductor sub-
strate 3 by the adhesive layer 306. Then, the capacitor device
30 1s formed on the semiconductor substrate 3 using a low
temperature process. The capacitor device 30 of the present
invention comprises multiple vertical electrode plates and a
material having a high dielectric constant, and therefore, the
capacitance of the capacitor device 30 i1s increased. The
capacitance can be further increased by adjusting the number
of vertical electrode plates, or by reducing the distance
between every two vertical electrode plates. Moreover, since
the method of the present invention fabricates the capacitor
device 30 directly on the semiconductor substrate 3 where the
active devices 32 are also formed, the capacitor device 30 and
the active devices 32 can be integrated on the semiconductor
substrate 3. Such integration allows the reduction of assembly
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cost. And by reducing the distance between the capacitor
device 30 and the active devices 32, the parasitic inductance
1s reduced, which further allows the noise of active devices 32
to be reduced.

FIGS. 7A through 7F are schematic cross-sectional views
respectively corresponding to process steps in manufacturing
the capacitor device 30 according to a second embodiment of
the present invention. Referring to FIG. 7A, a semiconductor
substrate 4 1s provided first; the semiconductor substrate 4
comprises at least one active device 42 formed on a first
surface Then, at least one cavity 400 1s formed at a predeter-
mined region of the semiconductor substrate 4, opposite to
the active devices 42. That 1s, the cavity 400 extends from a
second surface, which 1s opposite to the first surface, into the
semiconductor substrate 4. In the second embodiment of the
present invention, the cavity 400 can be formed 1n the semi-
conductor substrate 4 by dry-etching or ICP etching tech-
niques. The cavity 400 as shown in FIG. 7A 1s formed at the
opposite side ol the active devices 42; however, the cavity 400
and the active devices 42 can also be formed at the same side
of the semiconductor substrate 4. Referring to FI1G. 7B, abulk
dielectric material 401 having a high dielectric constant, e.g.,
greater than 1000, 1s filled into the cavity 400. The bulk
dielectric material 401 1s bonded to the semiconductor sub-
strate 4 by means of an adhesive layer 406. The bulk dielectric
material 401 to be filled into the cavity 400 may be BaTiO,
that has been sintered at high temperatures with a dielectric
constant ranging from thousands to tens of thousands. Refer-
ring to FIG. 7C, a plurality of first plate-shaped holes 402,
which are disposed parallel to one another and extending
vertically through the bulk dielectric material 401, are
formed. The plurality of first plate-shaped holes 402 extend
toward one side of the bulk dielectric material 401 (not shown
in FI1G. 7C). Referring to FI1G. 7D, a conductive material, such
as Al, Cu, W or polycrystalline silicon, 1s then deposited into
the first plate-shaped holes 402 to form a plurality of first
clectrode plates 402a. Referring to FIG. 7E, a plurality of
second plate-shaped holes 403, which extend vertically
through the bulk dielectric material 401 and interdigitate with
the first electrode plates 402a, are formed. The plurality of
second plate-shaped holes 403 extend toward the opposite
side of the bulk dielectric material 401 (not shown 1n FIG.
7E). In this step, because the conductive material that has
been deposited into the first plate-shaped holes 402 to rein-
force the bulk dielectric material 401, the second plate-
shaped holes 403 can be formed more easily. Next, a conduc-
tive material the same as that of the first electrode plates 4024
1s deposited 1nto the second plate-shaped holes 403 using
clectroplating, PVD or CVD techniques, so that a plurality of
second electrode plates 403a are formed. The first electrode
plates 402q and the second electrode plates 403 a interdigitate
parallel with each other within the bulk dielectric material
401. In this step, a conducting line pattern 1s also formed on
the second surface of the semiconductor substrate 4 at the
same time. Referring to FIG. 4A, the conducting line pattern
includes a first common conducting line (same with the first
common conducting line 303a shown 1n FIG. 4A), a second
common conducting line (same with the second common
conducting line 3035 shown 1n FIG. 4A), a first parallel
conducting line 404, and a second parallel conducting line
405. Respectively, the first common conducting line connects
the first electrode plates 402a, and the second common con-
ducting line connects the second electrode plates 403a. More-
over, the first parallel conducting line 404 connects with a first
clectrode plate 4024 which 1s closest to the outside, and the
second parallel conducting line 405 connects with a second
clectrode plate 403a which 1s closest to the outside. Referring
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to FIG. 7F, a pair of vertical through-vias 407 1s formed
besides the two opposite sides of the bulk dielectric material
401 using the through-silicon-via (TSV)technology. The ver-
tical through-vias 407 respectively extend vertically through
the first parallel conducting line 404, the second parallel
conducting line 405 and the semiconductor substrate 4. Then,
a conductive material the same as those of the first electrode
plates 402q and the second electrode plate 4034 1s deposited
into the pair of vertical through-vias 407 using electroplating,
PVD or CVD techniques to form a first vertical conducting
line 407a and a second vertical conducting line 4075 respec-
tively. As such, the first parallel conducting line 404 connects
the first electrode plate 402a closest to the outside and the first
vertical conducting line 407 a; the second parallel conducting,
line 405 connects the second electrode plate 4035 closest to
the outside and the second vertical conducting line 4075. In
this step, moreover, a pair of {irst electrical contacts 408a 1s
formed at both ends of the first vertical conducting line 407a,
and a pair of second electrical contacts 408 are formed at both
ends of the second vertical conducting line 4075. The main
structure of the capacitor device of the present invention that
includes a vertical electrical connection 1s thus completed.

The method for manufacturing a capacitor device 1n the
second embodiment forms holes and fills them respectively in
two stages. By first forming the first plate-shaped holes within
the bulk dielectric matenial 401 and filling the holes with a
conductive material, the bulk dielectric material 401 can have
been reinforced. Next, a plurality of the second plate-shaped
holes 1s formed within the bulk dielectric material 401, inter-
digitating with the first plate-shaped holes. Then, the second
plate-shaped holes are filled with a conductive material. With
the method applied 1n the second embodiment of the present
invention, 1t i1s possible to fabricate a high-capacitance
capacitor device having more electrode plates with a smaller
spacing between every two electrode plates.

While this invention has been described by way of
examples and 1n terms of preferred embodiments, 1t 1s to be
understood that this invention 1s not limited hereto, and that
various changes, substitutions, and alterations can be made
herein without departing from the spirit and scope of this
invention as defined by the appended claims.

What 1s claimed 1s:

1. A capacitor device, comprising:

a semiconductor substrate having at least one active device;

at least one capacitor device formed 1n a predetermined
region of said semiconductor substrate, said capacitor
device comprising:

a bulk dielectric material positioned 1n said predetermined
region of said semiconductor substrate;

a plurality of first electrode plates extending vertically
from one surface of said semiconductor substrate 1nto
said bulk dielectric material, each first electrode plate
being disposed parallel to one another;

a first common conducting line formed on said surface of
said semiconductor substrate and electrically connect-
ing said first electrode plates;

a plurality of second electrode plates extending vertically
from said surface of said semiconductor substrate into
said bulk dielectric material and interdigitating parallel
to said first electrode plates;

a second common conducting line formed opposite to said
first common conducting line on said surface of said
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semiconductor substrate and electrically connecting
said second electrode plates; and

a first vertical conducting line, a first parallel conducting
line, a second vertical conducting line and a second
parallel conducting line, said first vertical conducting
line extending through said semiconductor substrate and
said first parallel conducting line, which 1s formed on
said surface of said semiconductor substrate and electri-
cally connecting said first vertical conducting line with a
first electrode plate closest to the outside; and said sec-
ond vertical conducting line formed opposite to said first
vertical conducting line and extending through said
semiconductor substrate and said second parallel con-
ducting line, which 1s formed on said surface of said
semiconductor substrate and electrically connecting
said second vertical conducting line with a second elec-
trode plate closest to the outside.

2. A capacitor device, comprising:

a semiconductor substrate having at least one active device;

at least one capacitor device formed 1n a predetermined
region of said semiconductor substrate, said capacitor
device comprising:

a bulk dielectric material positioned in said predetermined
region of said semiconductor substrate;

a plurality of first electrode plates extending vertically
from one surface of said semiconductor substrate into
said bulk dielectric material, each first electrode plate
being disposed parallel to one another;

a first common conducting line formed on said surface of
said semiconductor substrate and electrically connect-
ing said first electrode plates;

a plurality of second electrode plates extending vertically
from said surface of said semiconductor substrate into
said bulk dielectric material and 1nterdigitating parallel
to said first electrode plates;

a second common conducting line formed opposite to said
first common conducting line on said surface of said
semiconductor substrate and electrically connecting,
said second electrode plates; and

an adhesive layer bonded between said bulk dielectric
material and said semiconductor substrate.

3. The capacitor device of claim 1, comprising an adhesive
layer bonded between said bulk dielectric material and said
semiconductor substrate.

4. The capacitor device of claim 1, further comprising at
least one capacitor device of claim 2 stacked upon said sur-
face of said capacitor device having high capacitance and
high integration, wherein said first vertical conducting lines
of capacitor devices and said second vertical conducting lines
ol capacitor devices respectively connect and align.

5. The capacitor device of claim 4, further comprising a
plurality of conductive bumps formed under another surface
of the capacitor device at the bottom and electrically contact-
ing said first vertical conducting line and said second vertical
conducting line respectively.

6. The capacitor device of claim 1, wherein said bulk
dielectric material has a dielectric constant greater than 1000.

7. The capacitor device of claam 4, wherein said bulk
dielectric materials of said capacitor devices have a dielectric
constant greater than 1000.
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